5
The prevention of germination of certain proportion of seeds reduce the risk of 1 0 0 extinction once conditions turned to unfavourable, especially under less predictable 1 0 1 environmental conditions. The study of Rubio de Casas et al. (2017) showed that legume seed 1 0 2 dormancy is linked with environment seasonality. It has been suggested theoretically 1 0 3 (Templeton and Levin, 1979) and shown empirically (Evans et al., 2007) that adaptation for 1 0 4
dormancy is a bet-hedging strategy to magnify the evolutionary effect of "good" years and to 1 0 5 dampen the effect of "bad" years, i.e. to buffer environmental variability (Venable, 2007) . In 1 0 6 addition, species that frequently and reliably produce seed can afford riskier germination 1 0 7 under unfavourable conditions (e.g. small rainfall events) because the consequences of failure 1 0 8 to establish are less dire than for species that do not reliably produce seed (Duncan et al., There are elaborate checks on germination requiring particular environmental 1 1 1 conditions to break seed dormancy and elicit germination .
However, little is known about clues which release the PY dormancy. By experimental 1 1 3 testing, beside scarification, wet or dry heat were found effective  1 1 4 Hradilová et al., 2019; van Klinken et al., 2006) . It is hypothesized that and in natural 1 1 5 conditions the temperature and soil moisture oscillations are also the major players (Batlla and Benech-Arnold, 2015; Ellis et al., 1987) . Laboratory studies have demonstrated an 1 1 7 association between seed responsiveness to temperature and the thermic characteristics of 1 1 8 their habitat range (Hradilová et al., 2019; Renzi et al., 2018; Rosbakh and Poschlod, 2015) . Medicago truncatula (barrel medic) is an annual, diploid, self-fertile and prolific seed 1 2 0 production species with a natural geographic distribution across the Mediterranean Basin. Phenotypic variation among populations is potentially explained by adaptation to local The present study aimed to analyze pattern of dormancy release of 178 accessions of 1 3 6
Medicago truncatula originating from various environments of Mediterranean basin to 1 3 7 oscillating temperature treatments. Following main questions were addressed: 1) Is there 3) Is there association between candidate loci and level of Medicago seed dormancy using 1 4 1 genome-wide analysis? response and direction (Valladares et al., 2006; Sadras et al., 2009) . To focus on the change 2 9 7 trait in response to temperature we analysed the FPYD differences between clusters per each 2 9 8
year by ANOVA using the InfoStat software (Di Rienzo et al., 2013) . Genome-wide association analysis was performed on seven seed dormancy traits (PY_25, for single locus GWAS (Yu et al., 2006) and FarmCPU, a multi-locus method combining the 3 0 7
fixed effect model and random effect model iteratively in order to improve statistical power of 3 0 8
MLM methods (Liu et al., 2016) . Both algorithms were implemented in the R package 1 4
Hapmap population (Bonhomme et al., 2013; Branca et al., 2011) and we listed gene IDs To evaluate germination and PY-dormancy, we considered seven traits in set of 178 M. Table S1 ). Forty seven accessions were tested in all three years, while 129 accession regimes over the period of 88 days. Most dormancy traits exhibited a near normal distribution usually (slightly) skewed and a 3 3 6 wide range of variability ( Fig.1, Fig. S2 ). FPYD ranged from 34 to 100% with mean (±SD) Comparison of responses of each accession to two temperature treatments showed remarkable 3 3 9 effect of larger temperature oscillation on dormancy release in majority of accessions ( Fig. 2) .
The germination pattern (AUC M ) ranged from 3 to 79, and, similarly to FPYD, larger 24±13, range 0-79), except for some accessions (16%) where the differential (AUC ) was 3 4 3 negative ( Fig. 1, S2 ). Both phenotypic plasticity indexes showed large ranges with mean 3 4 4 1 5 PI AUC being slightly higher (0.56±0.29, range 0.00-1.00) than mean PI PY (0.43±0.23, range 3 4 5 0.00-0.91) ( Fig. S2 ).
4 6
To determine the relationships among different dormancy traits, we carried out correlation 3 4 7 analyses ( Fig. 1, S3 , S4). All dormancy traits were moderately to strongly correlated (up to Set of accessions originate from rather contrasting climatic conditions ( considerably in precipitations of driest and warmest periods, with many sites having zero. and can be interpreted as gradient of aridity that is tightly correlated with latitude (i.e. north- with the first axis. Second ordination axis explained 17.3% of the total variation and can be Inspection of dormancy traits correlation with ordination axes representing synthetic 3 8 6 environmental variables showed that only PI PY was significantly correlated with the first 3 8 7 ordination axis (r = 0.16*), even after correction for spatial autocorrelation (P = 0.032). Other had P > 0.40, not shown). Separate analyses of relationships between each dormancy trait and each bioclimatic and soil 3 9 2
variable showed that only one dormancy trait (PI PY ) was significantly correlated with more 3 9 3 environmental variables while other dormancy traits were either not correlated or showed weak correlations with some environmental variables ( Fig. S3 , S4, S5). Specifically, PI PY was 3 9 5 clearly related to the gradient of aridity, i.e. PI PY increases with increasing temperatures (both 3 9 6 mean and maximal summer), decreasing inter-annual variation in mean temperature of 3 9 7
warmest quarter, decreasing precipitation and decreasing available soil water capacity ( Fig. 3 ,
). However, there were two climatic variables, i.e. IVBIO5 and IVBIO10, which showed 3 9 9 significant correlations with majority of dormancy traits ( Fig. 3 , Table S5 ). Specifically, final (Table 3S ).
0 4
Temperature affected PY dormancy (FPYD) depending on clusters (K). Considering each 4 0 5
year separately, accessions from aridity conditions (K1 and K4) consistently showed higher In order to identify molecular mechanisms underlaying physical dormancy and its QTNs, we defined a threshold of 10 -7 (except for PLA_PY we used a threshold of 10 -4 ) ( Lupinus, Trifolium, Pisum and Medicago (Hradilová et al., 2019; Quinlivan 1961 Quinlivan , 1966 Quinlivan , 4 3 8 1967 Quinlivan , 1968 Taylor, 2005;  this study). However, these studies tested only the effect of conditions. The effect of water potential on seed germination was tested only as a static component (Hu et al., 2015; Tribouillois et al., 2016) influenced by range of environmental cues acting both at pre-and post-dispersal, the seed 4 4 8 dormancy including of physical type (Dias et al., 2011; Hudson et al., 2015; Hradilová et al., 4 4 9 2017) is highly heritable trait. In our study, seed dormancy release varied among genotypes 4 5 0
and years and this could potentially act as a mechanism that favours the persistence of the 4 5 1 seed in the soil and helps to distribute genetic diversity through time (Hudson et al., 2015;  4 5 2 Long et al., 2015) . Association between seed dormancy traits and the environment 4 5 5
In this work we have tested if seed dormancy release in M. truncatula contributes to However, when taking average estimates of various traits characterizing absolute dormancy 4 5 8 release (i.e., FPYD, AUC and AUC , no relationships were found between climatic or observations are in agreement with study of Mediterranean wild lupines (Berger et al., 2017) reliable seed production determines that the consequences of failure to establish in these 4 7 3
species are less dire (Duncan et al., 2009 increases with increasing aridity (Fig. 3, S3 ), In addition, the accessions grouped by as a bet-hedging strategy (Burghardt et al., 2016) , suggesting that under more unpredictable bet-hedging strategy is thus positively associated with more arid habitat as found in pea 4 8 6 (Hradilová et al., 2019) and plastic responses provide potential to cope with high levels of 4 8 7 environmental heterogeneity (Cochrane, 2019) .
8 8
We have shown that inter-annual summer temperatures relate to the absolute 4 8 9 dormancy values. More unstable summer temperatures between years tend to increase the PY 4 9 0 dormancy levels (Table 5S ) and might contributes to avoid a high percentage of germination Although the dormancy is genetically determined, it also depends on the 4 9 6 environmental conditions experienced by the mother plant and the subsequent status of the 4 9 7 seed (Finch-Savage and Footitt, 2017; Hudson et al., 2015) . This was shown in several taxa, 4 9 8
including Trifolium and Medicago (Collins, 1981; Donnelly et al., 1972; Hudson et al., 2015;  4 9 9
Jaganathan, 2016; Quinlivan, 1965 Quinlivan, , 1966 Quinlivan and Millington, 1962; Taylor, 1996 ; relation to 2017 and 2018 (Fig. 6 ). In addition to this, seeds from different accessions differ 5 1 4 up to 3 weeks in maturation due to differences in flowering time and also the individual seed 5 1 5 stock from given accession was harvested in period of about 3 weeks. This need to be 5 1 6
considered in follow up studies. We can also just speculate what is the influence of Our analysis was also likely impacted by several factors inherent to available 5 2 0
Medicago set. At first, there is substantial imprecision in the GPS localization of the origin of 5 2 1 some accessions (Stine and Hunsaker, 2001 ) leading consequently to incorrect extracted 5 2 2 environmental factors (Brus et al., 2018; Buisson et al., 2010; Meyer et al., 2016) . Secondly, Israel. In addition the character of WorldClim data (average in term of time and also space) can be subject to different selective pressures as found in the study of seed dormancy of 5 2 9
Swedish A. thaliana accessions (Kerdaffrec and Nordborg, 2017) . We compared the genetic 5 3 0 groups identified by Gentzbittel et al. (2019) to our study macroclimatic clusters and found 5 3 1 significant correspondence (r 2 =0.582**, Table S5 ). As discussed in Gentzbittel et al. (2019) ,
geography explains 5% of variation, while climate is the major source of variation (41.5%). In contrast to the seed development, the genetic basis of Medicago seed germination 5 3 6 was studied only by Dias et al. (2011) . These authors however focused on true germination, 5 3 7 e.g. radicle emergence, removing the seed coat prior to testing, assessing thus physiological 5 3 8 dormancy, while we were interested in PY dormancy executed by seed coat permeability.
3 9
Since the dormancy is indirectly evaluated as the release from dormancy by imbibition and genes (Table S8 ). This is similar to other tested quantitative and complex traits such as 5 4 4 drought and biomass (Kang et al. 2015) where different traits had different candidate genes.
4 5
We have detected four genes active in flavonoid and phenylpropanoid biosynthesis when compared dormant and non-dormant pea seed coat expression (Hradilová et al., 2015) .
4 9
Furthermore, hydrolytic enzymes such as xyloglucan 6-xylosyltransferase, xylogalacturonan confers seed semipermeability (Leubner-Metzger, 2003) . In tobacco seeds, β -1,3-Glucanase Fig. S1 . Geographic distribution of studied M. truncatula accessions. , and Leubner-Metzger, G. (2006) . Seed dormancy and the control of germination.
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